To examine the effects of decreasing hospital length of stay (HLOS) on change in functioning from prehospital admission to posthospital discharge in older cohorts. DESIGN: Cohort-sequential design. SETTING: Nationwide, older population-based Longitudinal Aging Study Amsterdam (LASA). PARTICIPANTS: Individuals aged 68 and older with any hospital admission according to national medical registry data: two 10-year age groups (68-77 (younger-old) and 78-87 (older-old)) in two periods (1996-99 (Period 1) and 2006-09 (Period 2)) (N = 1,212). MEASUREMENTS: HLOS was the main independent variable in multinomial logistic models, dichotomized as 1 to 5 days (short) and 6 days or longer (long). Outcomes were change scores in mobility and activities in daily living (ADLs). Respondents who died during the 3-year period were assigned to a third outcome category. RESULTS: Results for both age groups showed more hospital admissions and shorter median HLOS in Period 2 than Period 1 (P < .05). Lower odds of decline in physical functioning were found in respondents with short HLOS than in those with long HLOS (for mobility: odds ratio (OR) = 0.36, 95% confidence interval (CI) = 0.23-0.54 (younger-old) and OR = 0.47, 95% CI = 0.30-0.72 (older-old); for ADLs: OR = 0.30, 95% CI = 0.19-0.48 (younger-old) and OR = 0.30, 95% CI = 0.18-0.53 (older-old)). Adjusting for confounders did not significantly change these estimates. Period did not modify these associations. CONCLUSION: Because the associations of HLOS with change in mobility and ADLs were the same in both periods, hospitalized older adults had neither advantage nor disadvantage from the decrease in HLOS. In addition, in both age groups, a greater percentage experienced the better functional outcomes and lower mortality associated with short admissions, which suggests an advantage of the decrease in HLOS. J Am Geriatr Soc 65:1214-1221, 2017.
H
ospitalization often results in a decline in functioning for older adults due to interactions of aging, disease, and hospital factors. [1] [2] [3] Hospital length of stay (HLOS) has been shown to predict functional decline for older adults, with longer HLOS associated with a greater likelihood of decline. [4] [5] [6] HLOS has been decreasing in recent decades. Severely ill individuals are admitted to hospitals for increasingly shorter periods, and individuals with less-severe conditions are receiving increasingly more day care and outpatient treatment. 7, 8 A decrease in HLOS may be positive for older adults if the time needed for diagnostic and curative processes is shortened and functional decline during the admission is less severe. Conversely, recovery from functional decline may be adversely affected if the in-hospital recovery period is shorter and posthospital rehabilitation care is not adequately allocated or applied after discharge. The effects of the decrease in HLOS on older adults' daily functioning are unclear. To study the association of the decrease in HLOS with preadmission -postdischarge functional change, longitudinal data across different periods of time are needed.
Change in daily functioning of older adults in the Netherlands was examined over two 3-year periods: one in the late 1990s and one in the late 2000s. The aim was to investigate how HLOS affects functional change of older adults and whether the association of HLOS with functional change differed between the two time periods. It was hypothesized that functional recovery would be delayed in the 2000s because of a decrease in HLOS with potential premature discharge or lack of rehabilitation care.
METHODS

Study Sample
Data for this study were obtained from the nationwide older population-based Longitudinal Aging Study Amsterdam (LASA), which has measurement cycles at 3-year intervals since 1992 (Appendix S1). 9, 10 Respondents were invited to participate in a face-to-face interview; if they were not able, a shorter telephone interview was offered. Respondents who were not able to participate in a faceto-face or telephone interview were asked to name a proxy to be interviewed instead. Respondents provided informed consent. For respondents with dementia, the named proxy and consent provided in earlier cycles were used to find the representative for an interview. The medical ethics committee at VU University Medical Center Amsterdam approved the LASA study, complying with the ethical rules for human experimentation. 11 Change in daily functioning between two 3-year periods was compared (Period 1 with baseline in 1996 and follow-up in 1999, Period 2 with baseline in 2006 and follow-up in 2009). Two 10-year age groups were studied: younger-old adults aged 68 to 77 and older-old adults aged 78 to 87, because 87 was the oldest age of the Period 1 sample.
LASA data were linked with the Municipal Population Registry and the national medical registry (in Dutch: LMR) to derive hospitalization information for each respondent. 12, 13 The samples were restricted to respondents who had any hospital admission in the 3-year period. This resulted in 335 younger-old (aged 68-77) and 391 older-old (aged 78-87) adults at baseline in 1996, and 336 younger-old and 271 older-old adults at baseline in 2006 ( Figure 1 ). In both periods hospitalized LASA respondents were slightly healthier than the general population of hospitalized older adults in the whole of the Netherlands. Thus, it is unlikely that differences in health affected comparison of the two periods. For information on attrition between regular LASA measurements, see Appendix S2.
Measures
Dependent Variables
Dependent variables were derived from LASA data. Function was measured using mobility and activities of daily living (ADLs).
14 Mobility was measured as walking up and down a set of 15 steps without resting, walking outside for 5 minutes, and using own or public transportation. ADLs were dressing and undressing, rising from a chair and sitting down, and cutting one's toenails. The three-item mobility and ADL scales are derived from longer validated questionnaires (Appendix S3). [15] [16] [17] [18] [19] Each item had five response categories: without difficulty (0), with some difficulty (1), with much difficulty (2), only with help (3), and not able (4) . Summation resulted in a mobility limitation score and an ADL limitation score, each scale ranging from 0 to 12. Internal consistency of mobility limitation (Cronbach alpha: younger-old adults 0.808, older-old adults 0.771) was higher than for limitation in ADL (Cronbach alpha: younger-old adults 0.645, older-old adults 0.663).
Individual functional change was assessed using the Edwards-Nunnally index to limit the effect of regression to the mean. 20, 21 Respondents who remained stable and those who improved in function were grouped together as the reference category because few respondents improved in function (younger-old adults: 7/611 in mobility, 13/609 in ADLs; older-old adults: 13/596 in mobility, 4/588 in ADLs). Those with functional decline were grouped in the second category.
Mortality, derived from the Municipal Population Registry, was defined as a third category. 
Independent Variable
HLOS, retrieved per person and per 3-year period, was calculated in days. All hospital admissions dated after the baseline interview and before the follow-up interview were included. If a respondent was admitted to the hospital two or more times within the 3-year period, mean HLOS for all hospital admissions was calculated. If a respondent was transferred from one hospital to another on the same day, HLOS in both hospitals was summed. HLOS was dichotomized at 5.45, the mean of the four HLOS medians, as length of stay of 1 to 5 days (short) and length of stay of 6 days or more (long), the latter being defined as the reference category.
Hospital Admission Covariates
Type of hospital care was categorized as admission to one or more surgical units, internal medicine units, and surgical and internal medicine units. Urgency of hospital admission was coded as at least one acute admission (defined as requiring immediate medical observation, diagnostics or intervention) and only planned admissions. Readmission was coded as 1 if an individual was admitted within 21 days after discharge to the same or different hospital with a length of stay of 2 days or longer, and as 0 if not. 22 Visits to the emergency department, admissions of 1 day, and transfers from one hospital to another hospital were excluded from readmission calculation. Time before admission was defined as days between baseline interview and first admission, and time after discharge was defined as days between last hospital discharge and follow-up interview or mortality.
Additional Covariates
Additional covariates derived from LASA data were highest education level, type of housing, partner status, multimorbidity, persistent cognitive decline, depressive symptoms, and interview mode [23] [24] [25] [26] [27] [28] [29] [30] (supplementary texts available from authors). A dichotomous variable distinguished Period 2 from Period 1, the latter of which was the reference category.
Statistical Analyses
Period differences in hospital admission and sample characteristics were examined using chi-square tests, t-tests and Mann-Whitney U-tests, as appropriate. Crude associations of hospital covariates with change in functioning were examined using chi-square tests.
Age group-specific multinomial logistic regression models adjusted for sex and age were used to assess effect of the association of HLOS with declines in mobility and ADLs on pooled data from both periods. In these basic models, an odds ratio less than 1 indicated less decline in functioning or lower mortality associated with short HLOS.
A covariate was selected for inclusion in the multivariate analyses if it was associated with functional decline or with HLOS or if it showed a period difference, with the level of significance set at P ≤ .20 to avoid overlooking important covariates. The selected covariates were added one by one to the basic model that included sex, age, and HLOS. A covariate was retained in the model as a confounder if the regression coefficients of the effect of HLOS on functional decline or mortality changed by 10% or more. To obtain a parsimonious model, nonsignificant covariates (P > .20) were removed one by one from the full model.
To determine whether the effect of HLOS on declines in mobility and ADL was greater in Period 2 than in Period 1, effect modification of time period was investigated by adding period and a product term of HLOS by period to the full model at a significance level of P < .10. 31, 32 A sensitivity analysis without proxy respondents was performed to estimate the effect of depressive symptoms.
RESULTS
Percentages of respondents with at least one hospital admission in 3 years increased: from 41.5% of the younger-old adults in Period 1 to 51.9% in Period 2 (P < .01) and from 50.2% of older-old adults in Period 1 to 61.2% in Period 2 (P < .01).
In younger-old adults, median HLOS decreased from 7.0 to 2.8 days (P < .01; Table 1 ). Admission frequency, admission urgency, type of hospital care, and readmission were not statistically significantly different between the periods. In older-old adults, median HLOS decreased from 8.0 to 4.0 days (P < .01), and frequency of admission increased (P = .01). Admission urgency, type of hospital care, and readmission were not different between the periods.
In both 3-year periods and in both age groups, those with short HLOS were less likely to die and decline in mobility and ADLs than those with long HLOS (P < .01; Table 2 ). Furthermore, in each period and age-group, mortality was higher for those with acute hospital admission, admission to internal medicine, and readmission (P < .05). A period difference in mortality was found; mortality was lower in Period 2 in each age group with short HLOS (younger-old adults: 11.3% in Period 1, 4.9% in Period 2; older-old adults: 23.1% in Period 1, 16.4% in Period 2), whereas mortality was higher in those with long HLOS (younger-old adults: 24.4% in Period 1, 27.9% in Period 2; older-old adults: 40.1% in Period 1, 41.2% in Period 2).
Period differences were observed in baseline characteristics (Table S1 ). Prevalences of multimorbidity (youngerold: P = .01; older-old: P < .01) and mild, but not moderate, mobility (P = .02 for younger-and older-old) and ADL limitation (P = .04; P = .02, respectively) were higher, and more often a telephone interview in Period 2 than Period 1 (P = .03; P = .01 respectively). Furthermore, in younger-old adults, average levels of education were higher (P < .01), and presence of a partner was more likely in Period 2 than in Period, 1 (P = .01) and in olderold adults, prevalence of depressive symptoms was lower in Period 2 (P < .05).
Multivariate Analyses
Basic models adjusted for sex and age showed lower odds of decline in mobility (younger-old adults: odds ratio (Table 3) .
Admission urgency was a confounder in all models, type of hospital care in both models for older-old adults, and readmission in the mobility model for older-old adults. Adding these confounders to the models resulted in increases in the ORs for decline. Nevertheless, all associations remained statistically significant (Younger-old adults: P < .01 for all models. Older-old adults mobility model: P = .03 (mortality P = .01); older-old adults ADL model: P = .01 (mortality P < .01)).
There was no evidence that period modified the effect of HLOS on decline in mobility or ADLs in younger-old or older-old adults (P > .10). In contrast, period modified the effect of HLOS on mortality (younger-old adults: P = .09, older-old adults: P = . The sensitivity analyses showed that depressive symptoms was not a relevant confounder (results not shown).
DISCUSSION
In this nationally representative cohort of older adults with at least one hospital admission in 3 years, an association was found between HLOS and mobility and ADL limitations; short HLOS was associated with less functional decline than long HLOS. The observed associations between HLOS and functional decline were as expected because short hospital admissions generally reflect lesssevere illnesses. Notably, physical and mental baseline morbidity did not affect the associations.
The main aim of the study was to compare data from the late 2000s and 1990s to examine a positive or negative effect of the decrease in HLOS on change in function. Despite the drastic shortening of HLOS, there did not appear to be such period effect.
This finding needs some consideration. As a result of the overall decreasing trend in HLOS, a HLOS of 5 days in the 1990s is not the same as a HLOS of 5 days in the 2000s. In addition, higher baseline multimorbidity was found in the 2000s than in the 1990s, which indicates more-severe illness in the 2000s. Although the increase in multimorbidity may be partly due to a change in reporting behavior, the increase in independent treatment centers from 45 in 2000 to 173 in 2009 may also be partly responsible for a more-severe hospital caseload in the 2000s. 33, 34 Independent treatment centers offer diagnostics and no acute treatments in various specialties, and independent treatment center admissions are not included in the LMR. Thus, older adults admitted to the hospital for 1 to 5 days in the late 2000s were on average more ill but were discharged sooner than those admitted for 1 to 5 days in the 1990s, when longer HLOS was more common. Despite more-severe illness and lower mortality, functional decline after short HLOS in the late 2000s was not greater than the decline observed after short HLOS in the 1990s. Additionally, lower mortality seems in contrast with the increased adoption of do not resuscitate orders by individuals with a non-sudden death in the Netherlands: 46% in 1991 and 81% in 2010. 35 Thus, mortality might have been even lower in the late 2000s if the trend in the adoption of do not resuscitate orders had remained stable.
Several other factors in healthcare delivery that may have contrasting effects need to be considered. First, innovations that might benefit health care in the 2000s include increases in multidisciplinary day care admission units, minimally invasive surgery, and applications of digital imaging. 36 In addition, treatment improved for specific conditions such as cerebrovascular accidents and colorectal and cervical cancer. 37 These innovations may have increased healthcare standards and thus reduced in-hospital functional decline. Outpatient palliative care also increased. 38 A study with proxies of deceased LASA respondents showed increases in referral to hospice and decreases in the hospital as the site of death, changes that apply to only a small proportion of all hospitalized individuals. 39 A second change concerns recovery from illness and functional decline. In the 2000s, recovery took place increasingly often after hospital discharge, increasing the caseload for posthospital rehabilitation care. Additionally, transfer of care has been shown to be associated with loss of knowledge about pre-and in-hospital care and functioning. [40] [41] [42] In spite of the known increase in transfers and posthospital care caseload, functional decline after short HLOS remained stable.
A third change relates to the organization of health care. From 2001 onward, hospital spending per capita grew steadily. 43 Payment per activity replaced fixed hospital costs paid by the government in 2001. In 2005, payment according to diagnosis treatment combination (in Outcomes were decline in mobility and activities in daily living (ADLs) (reference stable function). Estimates were made using multinomial logistic regression. Mortality was included in each analysis as a second outcome to correct for period differences in mortality. The basic models were adjusted for sex and age to correct for oversampling of male and older respondents. Admission urgency was added to all four basic models. For younger-old adults, these were the final models. Type of care was added to models with older-old adults. Early readmission was added only to the model with older-old adults showing the association between HLOS and change in mobility. The individual covariates interview mode at baseline, level of education, partner status, living in a nursing home, multimorbidity, and cognitive decline, and the hospital covariates time before admission, time after discharge, and frequency of admission were no relevant confounders. Dutch: DBC) was introduced. A DBC contains all-inclusive hospital care for a specific condition. 44 Hospitals and insurance companies negotiate the price per DBC, which works as financial incentive for hospitals. 45 Although hospital spending in the 2000s remained highest for older adults, spending grew substantially more for adults aged 40 to 59. 43 In addition, public and private healthcare insurance were merged. From 2006 onward, insurance companies offer every citizen mandatory healthcare insurance. These changes in the organization of health care contributed to decreases in HLOS, increases in admission frequency, and shorter waiting lists, resulting in admissions in earlier disease phases in the 2000s than in the 1990s. 46 Treatment in earlier disease phases may be milder and hence may result in less functional decline or lower mortality.
In summary, healthcare innovations, increased hospital budgets, uniform healthcare insurance, and shorter waiting lists led to greater recovery in mobility or ADL functioning in the late 2000s. In contrast, higher caseloads in hospital and rehabilitation care and earlier transfers were factors that may have increased functional decline in the late 2000s.
This study has several strengths. First, its nationwide, population-based sample represents the general older population, including the frailest older adults, for whom a proxy answered the questions. Second, function was measured before the condition for which hospitalization was necessary, and posthospital functioning was measured mostly well after discharge, ensuring that the full recovery period after hospital discharge was included in the observation period. Third, the analyses were adjusted for mortality.
Limitations
During the study period, several hospitals stopped transfer of data to the LMR because, for example, the obligation to participate in the DBC registry. This may have biased results if those hospitals had longer or shorter average HLOS than the hospitals that continued their LMR participation. However, a previous study found no statistically significant difference in HLOS between hospitals that continued their LMR participation up to 2006 and those that stopped their participation. 47 Second, the mobility and ADL scales have not been validated individually, which may act as threat to the internal validity of the study. To reduce this threat, the method used to calculate change scores was restrictive. Furthermore, information about participants' admission characteristics was incomplete. A severity-of-illness score at admission might have further elucidated the findings.
CONCLUSIONS
Because the associations of HLOS with change in mobility and ADLs were the same in both periods, hospitalized older adults had neither advantage nor disadvantage from the substantial decrease in HLOS. As HLOS has become considerably shorter for a higher percentage of older adults, older adults are less frequently exposed to the hazards of longer hospital admissions such as decline in mobility and ADLs and mortality. To further prevent functional decline, improvements in the areas of transfers and management of increasing complexity of patient care in hospital and posthospital rehabilitation seem warranted.
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